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US. 7)l5-^r EfliE 2)5.1- Sf"*Kr SBD ^3E] ^ SBD ^3] 

^!3l<*ll -§-#^H 7l§ #^*Vcf. ^^^IJl ^^5]^^ Efl^H S^EL^ EfliH-g- 

^<Hl sm <g ^ ^IJL 71^* 7^^ ^S. EfliH ^St i^-*>^ SBD 

^ SBD tH^^l = €H <^ -tlsl- ^3*H SBD 

2. 7 
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41 Jl ^ 7>*]fe >S = E||iE 2]£t SL^Kr SBD ^ SBD 

w^s) -fa EfliE Hj-^{The simultaneous bi-directional buffer including self-test 
circuit having function for generating input signal and the self testing method of 
the simultaneous bi-directional buffer} 

£ 1-gr ^^^] SBD iH^l-o] ^VEfls. ufBl-ifl^ l-^-£o]c).. 

5L 2^r IE 1^1 £Al^ SBD tfl^-i-^ #^ a]Jto)) nj-s. <y ^ a]^o] ^cj- efl ^ ^ 

£ 3£r 5. lofl 5LX|<g SBD ^ 3il sls^olcj-. 

£ 4^ i 3°11 S^s} SBD t^xq^ oi^ a1^o| sj.^^. uj-E^ufl^ S^olcf. 

£ 6^: £ 5<>f| S.*\& SBD ^2-) ^£ Efl^H^l^ s}-^-°r uj-Bj-ufl^ 

£ 7 6. ^. i^o} ^Al^ofl nf= x\$_ «v^g ^5. Efl^H 

3)3.* JE^Rr SBD tH^s] s)S.S.olcf. 

£ 8£r *fl2 ^Aloflofl nj-s ^ij- ^ 7] - o. ^ H Efl^e 

^Sf SBD tHsj^l s]5.£olcf . 
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<9> &*i<& te^l ^1^1 cflolel °g#^^r *rt± SBDCSimultaneous Bi-Direct ional ) 

n\^o\] 3.3. ^o.s.Ai, ^ Bfl^H 

SBD SBD *£Z. Efl^H ?Hcf. 

<io> ^e, #*l7> Jl^sj-, t^l^s* ^ JI^SSJ- s]^ ^ o]cf. oi<q. ^ 

^ #7}^ jL-g^oj oj-g-ol ^A*V o]^ 7 > S)ZL ^Icf. 

<n> olst}- ol^-s. *11<?>€ tt o v ^°l ^^(Simultaneous Bi-Direct ional , °1*>, 

SBD&f- t)^5 3l^Rr 3HCr. ^, ol-g-*><*| ^140) a] 01 

, ^ A Hl *W 4lJL» ^ 3J°ltf. ojs^ «V^-g- A}-^}^ ^ ^n)-^ 

^ a°l *fl^ ifl^^fr ¥ Wfl7> £)JL, <y#5j ^X}9) Jl^-JE - Hfl ^7>*>7fl ^ 

4. °l&ltr oj:^ Aljr fl«fl f SBD lH=|7> AV^-Sl^cfl, ^7} SBD ^ 

tfl3 (point-to-point) «o v ^-^^ <$.^.S\S= ^-Hfl^ t\ ^(graphic DRAM) SE^ ^#0] ^ 

Sl^l ^lS.^ (cash memory) >^>-§-€^. 0 l^?r ^cfl^ ^.2.3. ^S)^- 

SBD ojofl 7 |. £ iojj SAl^nf. 

<i2> £ 1^ <a«>^9j SBD *\?]%«\ ^-Efll- ufEfifl^ M £ o]cf. 
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<is> £ SBD 33#(10, 20)3 <£#3 #3-#°l ^^(30)^1 3*fl £^3^ , 

SBD tH3*(10, 20) z^l^r ^3 7)§ ^<a-l-(VrefH ( VrefLH °^€3. 
<w> #7] SBD 33(10)3 #7l SBD 33(20)^r 17113 1J>H*H #*1 iflafl ^33^, # 

71 71^ ^^(VrefH, VrefL)^: 15=3 ^^5.(^1^1 3*fl 1H^3. 

<15> ^713 ^o] <£^Q SBD 33*(10, 20)7>3 3H3 £ 2« %i-ZL^> 

3^3 ^3. 

<is> 5L 2^ 5. 1^1 HA]^ SBD 33-1-3 #^ 3^- ^1Jl3 ^ sfl't ^3- 

« 33W. 

<i?> £ 2 °\] £A}^ Aljr<2}. a o > 7 ) SBD 33~I-(10, 20)3 #^ ^1^3 ^« IS 

333 1 ?! 3-g-3 ^3. 

<18> [ S 1] 



0UT1 




INI 


IW2 




1 


i 


1 


1 


VDD 


1 


0 


0 


1 


VDD/2 


0 


0 


0 


0 


VSS 


0 


i 


1 


0 


VDD/2 


1 


i 


1 


1 


VDD 



<19> 



<20> 



#71 [& ov + oi^ ^ ^. 7l SBD H l5I | = (10> 20)3 #3 41 :H* 

(OUT1, 0UT2)3 S.^- afl, ^IJll-dNl, IN2)51 "1"°1 3:2, o] ufl s£ 7 ] 

^1^1- (INI, IN2)3 ^ efl^ "VDD'Vl- ^3. 

iE, #71 SBD 33(10)3 #^ <d^(0UTl)7]- "l-olJI, #7l SBD 33(20)3 #3 
^1J:(0UT2)7> "0"^ «fl, #71 <£^ ^s(INl)^ "0"°lJl, #71 ^1J:(IN2)£- "1"33 

• °1 "11 #7l ^l^l-dNl, IN2)3 Jlll^ "VDD/2"7> ^3. 
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<2i> cf-g-AS, <$7] 41Jl-§-(0UT1, 0UT2)ol S.^ "0"^ °fl , #7] < £^ ^I^CINI, 

IN2)S. "0"°} o) nfl <#7] ^l^-i-dNl, IN2)s] eflif^- "VSS"7> 

<22> Aj. 7 ]^ ^-ol, SBD ^^#(10, 20)£r ^fl^(30)# -§-*H ^1 <ls. ^ 

^dt^HS, ^7} SBD ^3)1: (10, 20)^ °m #51#(IN1, IN2)£- #^ ^jr-s. 
(0UT1, 0UT2)°fl uq-eq- /fl 7 fl£l efl^s.(VDD, VDD/2, VSS) ^ ^M-^ ellfs. ^ 

<23> £ 2^ ^-ol, #71 SBD B]5I]1-(10, 20)£r ^ £ 7l ^ ^ ?fl^ 

71$ ^^(VrefH, VrefL)^- A]~§-tm. ^HH, y]^ *}<y-(VrefH)^ ^ ^ 

^ 3VDD/4o1zl, #7l 7l§ ^(VrefD^l efl^t^r VDD/4°1<=K 

<24> #7l SBD ^3 £ 3^- ^JItsH ^Ml^l ^^^^ ^-rf. 

<25> .£ 3£r £ H SBD ^3]<>1 #v*fl^ 

<26> £ 332]- ^-ol ( SBD ^(10)^ #^ ^eM^dl), ^E]#eJ]^(12) ^ <^ ^ ^7l 

(13)1- ^flW-. 

<27> Aj- 7 ] ^ c^oltfldi)^ ^ $)o)^ a]^(0UT)1- <3#^ i^El(I0)5. 

#^§>J1, ^"71 ^E^l-Bfl^(i2)^ #7l #^ cflojE-l ^lJi(OUT)^ -g-^H 71 
§ ^-KVrefH, VrefL) ^ ^>M-# 

<28> o^7loflA^ #7) ^E]#?A>|(12)^ #7l C-flojE^ AlJr( 0 lJT)7> "*H(HIGH)" # 

31^ °ti, ^71 71 § #<y-(VrefH)# #^^>Jl, #^ n°]B\ ^ls(0UT)7> 

"S^(LOW)" ^-Efl<a nfl, #71 7l§ ^(VrefL)^- 
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<29> #71 ^#71(13)^ #7) 7l§ #<y-(VrefH VrefL)4 #7l <g#3 t£ 

<30> #715^ ^o] SBD (10)^1 ^*hgr 5L 4# ^Jl^H ii^*}^ tf^-ij. ^-tf 

<3i> IE 4^ .£ 3^1 £^1^ SBD tH^o] oi^ Aij-o] n^-g- q-Bj-u}]^ S^olcf. 

<32> c 4S}. ^. 0 ] ( # 7 ] SBD als] (10)51 #^ 4lJL(0UT)7} "-&}o)« #Bfl , ^ t VDD^l 

31^ ^7} ^iq#*«H(12Hr 7l^<y-(VrefH)-8: 

<33> #71 #^ ^1J1(0UT)7> »*H« #Efl(VDD eH^HnS., #7} <&^n ^-E.(I0) 

3. °,ms\Tr t-IHBl ^1^71- "*>ol» #Eflol^ ( #7] <g§| ^7l (13)^11 "*M« #EflSl Cfl 
o]B\ A]^7l- <g^t)-. a, #71 <^#^ ^=(10)5. ^^51^ cflolEi #Jr 7 }- "S.^-" # 
EflCVSS ell^H^, # 7 ) #5l(0UT)7> »sr>ol« #Eflol^ S( #7] oj^ ^# 7 j 

(13Hl^r £M(VDD/2)"^1 tflolE^ -i]^7> ^^^Cf. 

<34> #71 <>m ^#71(13)^ #71 7l§^i<a-(VrefH)3l- "-s}*}" #Bfl JE^r "#7i ^ ell 

o]^ cflolEl A]j f alJE^ #^§1-711 ^C}-. 
<35> c 4 o^ ..A-.H-y-jr]. ^-ol c1 | olEl a]-^ VDD^f VDD/221 z)}*£ i£<f\ 

^<>fl ^^§1-711 ^Cf. 

<36> tiVcflS, #7l #^ ^]S(0UT)7> "S-f" #Efl(VSS ellf)^ ofl , #7l ^E}-^ 

^(12)^- 7l§^«a-(VrefL)# 

<37> # 7 | ^ ^1^(0UT)7> #Bflol£. S> 2t=(I0)S. dlolEl # 

Jl7> "frfol" #Bflol^ ( # 7 ] ojsj ^Al 7l(13)ol1 „^^. e|l^(VDD/2)" 2) H}*}^ <0Jl 
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7} ^€4. 3=.. ^7) <a#^ i^EL(IO)S <a^£|*r t-flo]^ A]^7|- ^Efl(VSS # 

<38> ^-71 <^ ^71(13)^ #7) 7j§*l<y-(VrefLHl ^ , fi(YDD/2)" £xr " 

<39> ^ j £ 4 ^ »B"^-^-4 £0) oj3j cflojEi a]^^ VDD/2^ VSS3] elllt ^ 

^Hl ^7fls>7ll £4. ^71 ^ ^^-ofl ^§0, SBD ^>u|^ c ^o] 

<40> #7l<4 ^o] t SBD u^fe ^fl^fil cfl^^oiq- uVe^ ^ ^ ^« 

» #£*>7fl « ^ ^cf. ^1^ BfliHt ^IHtt SBD tH^# o}^.§><^ ^ 

€ 31^H 7l7l# o}-g-tflo> ^ ^] 7 \ ojtK SEf SBD t^sf ^ #^ t^s] 

^TT ol-g-^H 31 7l7l7]- afl^^o) ^ -g-^ 7 }. ^Cf. , 

<41> ole)^ S-afl-g- 5fl^§>7l ^*fl WJ-^O} 4g = Efl^B «o^^1, II °^17} 

<42> £ 5^ 71 #ofl |2 Efl^E Si SI- ^wRr SBD 5lS.Hom-. 

<43> £ 5*4 ^o], ^sfl 7l#o11 4^ SBD tiW40)fe #^ =^1^(41), *fli ^eII-bji 

^(42), ^71(43) £ *l|2 ^El^3H(44)-& ^ltb^. 

<44> ^-71 #^ c^oltJl(41)^ §^ c-flolEi AlS(0UT)S ^1*}<*1 <^#3 2^(10)3. 

#^*>J1, ^71 ^fll ^^#ej)^(42)^ ^H^S(REFM0DH1 -g-^H ^7} #^ cflojEl 
^lJl(OUT) S^r ^-71 *)H4!JL(REFDIR)« 7l^^«y- ^^0J:(REFSEL)3>| #^t>cf. 
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<45> <*|7HH ; #7] ^H^ls(REFMOD)^- n^B. 5.= <2f ;g# ^-aj- £.= 3 

^1<H^S^, SBD tH^S} Eflr^E ^3)-Al %^5j-5lJ7 # 7 ] ^ # ^ ^t^a] U] %# s}- 

€4. #7l *1H^1J:(REFDIR)^ >^7l #^ >0Jl(OUTHl 4^ »e>ol" 

#EfljiL ^Mnf. 

<46> #7l ^E^#eJjAi(44)^ #7} 7l§#<y- Ji(REFSELHl -S-^H ^^lir 

7)§ 3l<y-l:(VrefH, VrefL) ^ *>M-» 
<47> ^71^^, #71 A}2 ^H]#^^(42)^ #7l 7l§^^- *1 i» ^IJl ( REFSEL ) 7> »*H 

(HIGH)" ^-Eflo^ nfl, #71 7l§ ^(VrefH)^: #^*>ul, ^7l 7]^&<$ ^^S. 

(REFSEL)7> "^.-f(LOW)" , #7l 7l§ ^^(VrefL)^- 

<48> #71 <gsj ^a] 71(43)^ ^7] 7]& ^^(VrefH JE^r VrefU-B}- #7l i^JE. 

(IOHl <a^3fe a]^(IN2)# til^H 

<49> o^Ha], #71 °m c-flolE-1 #jL(IN2)^r #71 #3 eflojE-1 ^ls(OUT)^- 3ifl^(45) 

1- ° t J^^l^(INl)7> #s^cl-. 

<50> #71 ^-ol ^.#^ SBD 41S.O] #^^^ ^-cf. 

<51> Efl^H ^^"Al #7l ^H#^(REFM0D)7> ^S^^, #7l ^1 ^E|#aH 

(42)fe #71 ^H^15l(REFDIR)«- #7l 7l^<^ ^^#31(REFSEL)S.^ 

<52> ^7H1^ ; #71 ^H#^( REFDIR )7l- # 7 ] ^ c-flolE-1 #J:(0UT)£] efl^ofl ttj- 

Eh 'Ss^l 4*3- #7l 7l§^<y- ^d^#s(REFSEL)^l eflf n ^j^- 

^71 ^12 ^E]#HJl^(44)7l- A-l^ cfS. 7l§ #^#<4. 
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<53> o)m. a, cj ^t^ig, ^-71 7l<g^<£ ^^(REFSE)^ <#7] ^ cflolE] 

^]Jl(0UT)7> >g-Efl<y ufl, ^-71 *fl2 ^E^§^^(44)7> ^^(VrefH)^- #^^> 

(44)7> 71$ ^^(VrefL)^- #^*>.5L^- ^HW. 
<54> nf^-o.^., -#7} ^7](43)7> ^7} 7)& ^(VrefH 5&tt VrefL)^ #7] <g# 

< a^^ls(INl)7> <^£}*1 ^7l nfl^-ofl ^-7} cfl o] B\ <&S.(W2)$= l^El 

<55> ^ f ^-71 °m ^Al7l(43)^ ^7} #^ t-flolE] A}Jr(0UT)2l ^oj- 

711 ^-ti^ON)* #3*>7fl ^cf. ^, a o v 7 ] ^ ^o]b\ ^1^(0UT)7> "^>ol(VDD^ 
i*Mfi)" ^^H^, "*V^(VDD^ ^efllS)" #3)^1 a o v 71 <^^A]3l(iN)7]- ^-71 
#^ Ais(0UT)7> "S-f(VSS^ ^SHl^t)" ^-Bflolig, »5.^-(vSS^ ^efl'i)" # 

efl^ ^"71 <y^J:(IN)7> #^t).. 

<56> Uj-SH, Ik*) ^€ 4^ SBD ^3i|- ^h.o] olej ^ojEi a] 

It u Mltb #3HH 7j-A]S] #^ C-flolEi Al^nVo.S- E|iB f n^ofl ; £ 6 o]] £ 

34 ^-ol *J*fl ^oj- efl*§ ^ E^H7> !-7Hr*}i}. 

<57> £. 6£: £. 5^1 J£^|5} SBD Efl^E Al^) oj^ ^IJ:^ sj-^-i- uj-Efl^^ 

SL^O-SL^, i^O} Ojgj ^ojEi tifl^*}- 7>A]^ #^ C-flolE^ AlJl^O. 
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<58> S_ 6 4 ^ol, $]o]&\ *\3L7} &7| nfl^-ofl s& 7 ] ^ x%o}&\ A]s(0UT)7V 

»^>ol" ^EflolTg, oja "^.ol" ^7}- ^j!, ^-71 cflo}E-l ^Jl(0UT)7}- "3, 

-f" ^"Hflolig, o]^ » S o... ^-Efl 7 > ^Cf. 

<59> ^j-71^ ^o], ^ ^oj- efl^(VDD/2)^ x\^ 7} Hfl ^ € ^e]HH S BD ^7}- 

7l 7]§ ^(VrefH iE^ VrefLH 3VDD/4 SE^ VDD/4^ #7] 
HS.^ <#7] 4^ "*>°1" 4>BflS. Sl^-S, ^131^ i^ol^ 

^(noise margin)^ 3«fl 7f^}ol ^o]7l- 1^*}7ll €-*H^c>l ojtf. 

[« a v^o] 0I-LJ77} 7l#^ 4^]] 

<60> _& Mj-^ol o] s.j7^|-^ 7l^^ ^aflfe, E^BA] SBD 

^§^-tb ^¥ tl^Ht ^ ^ <^ ^S. ^ 71^-S- 7Hb ifiS EfliS 5] 

SI- if-*Kr SBD tH3£) * SBD wl^o] Efl^H ^1^-^^ 5^. 

^ ^ *)--§-] 

<61> ^7} 7]^ 3f^lS ^*f7l ^ ^*HH ^ ^IJr ^ 7 j 

^ 7>^1^ i|H Efl^e ^^-^ SBD a^^- 2=eKI«L ^7l, 

<62> #^ JEL^o]^ £^ C-UcjE-l AlJll- <^ ^HO 

71^ ^-EK>fl ^^5)^ <^ C-flolEi AlsSf C-flojEi A1JL7> ^ 
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^ofl -§-^H 7l§ *1*M- iMB^fe Efl^H ££1^ EfliE^ 

<63> 7l#^j ^*>7l £ H^l^H <g ^ Aljr ^ 7 j 

€5. Hfl^E X^Kr SBD ^3S^ tfl^ Wj-^^, ^A]jr « e v 

<64> ( a ) #a c-fl oi g) i^JELS -t^sHr #711; 

<65> ( b ) ±_^o\ 7}&&<& <d^4]-M 71^ efl^# >M*Hr c^j; 

<66> ( c ) Efl^H -aogs} EfliH-g- 1H8*M #7l <g#^ k££ # 

<67> (d) ^"71 #^ Oflo]Ei Al^Sf ^"71 EflAE^. <gs^jr 7 > ^ ^ #7l 7^ 

<68> TgJ-tgjz}. ^ ^-tgcq gj M}-^ ^Alofl ^5)^ 

&&*\ °)n?>}7} 3]n*\T= B>^-3l*V ^AH1» oflA)^ ^JjL £1 g ^ CTgcfl 

^ ^1*1 ^ 4 Sl^l ^S^Jltt ^<H*>- -^-7111- M-E^-Hcf. 

<70> j£ 7^ a. ^! ^Al^ofl af^ og^ ^ ^ 7] - o. ^ 

5]^!- i^>^ SBD w^^l 5]S.£o1t4. 
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<7i> £ 7^ ^°1 , ^|cfoJ 4^ SBD bWIOOtt S^^lS. IH^S. 

(110), afll #3 S.5folu1(i20), *fll ^*^(130), ^71(140), ^12 ^#^1 

>H(150) 5? 3fl = (PAD)( 160)1- 
<72> a o t- 71 1^515.(110)^ ^H^1:£(REFDIR2) ^ tHHl- a]J:(ENH1 -§-^> 

^ EfliH-§- ^ cflo]^ ^51(IN_T1)# ^2.(10)3. . 

<73> #7] <Qm±3L ^S]S(110)^ ^13 ^Ell-^^dii), *f)2 = 2]-°ltH(112) ^ 

7lMH(113)« t^I**}. 
<74> #7l ^13 ^E]#*MUll)fe- #7] *fl<H#Jl(REFDIR2H -g-^^N ifl^f ^(VDD) 

^l^sq- AiJ: ^ <5}u|-# . ^-7] #^ i=eMii1(ii2)ir #7] m ^ 

^l-^^(iii)o] f^Ajit a o v 7] e |ae^ <y^Ai^(IN_Tl)S. #3^tf. 

<75> a o V 7 | ^ 7flo}H(113)^ A]^(EN, /EN)7> %^2>^ nfl EH -g- S]^ 

tfl^H-g- < y^JL(IN_Tl)-& #7l icJ=(lO)3. 
<76> ^^oflA-l, ^-7] *1H^1Jl(REFDIR2)2}. #?1 < y°fl 0 ll- ^l^(EN)^ SBD v)tfe>\ EfliE 

<77> o^^oflAl, ^-7] ^^^2. 3. (110)^ #7] *fl3 #7] A}2 # 

n JE.e^-ol^(ii2) ^ a o v 7 ] ^ 7flo}E( 113 ) S 3}-g- ofl^^ ^^^o^o.uj- ( SBD 

^9J*> ^^g. 7^1^ 2)^.0] t^^Tfl ^ &th 

<78> ^"71 *fll #^ =51-01^(120)^ #^ C-flolE^ Al^KOUT)!- ^5><^ #71 ^ 

2(10)3. #7l *fll ^^#HjjAi(130)^- E|il ^.^J-Al Efl^H S.H. f^^Jl 
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(REFMODH -§-#«H ^H^lJKREFDIRDl- 7]^#<$ ^^^ls(REFSEL)^ l^W. S 
, #7l ^B]#53jA^(130)^ :$# #7l #^ CllolB] A]^(0UT)1- #71 7]&£<£ ^ 

^JUREFSEL)^ 

<79> ^7lofl^, #71 EfliE s.£L %#^}jL(REFM0D)^r EfliB -f-^-Al #7l 

flliS -§-^°l ^S.^ ^IJl^lcf. #7l ^M^JUREFDIRl)^ #7] 

#^ cflolEi ^ls(0UT)o11 14S1- "*H» HL^ "S-f" #^5. ^5(-£)^ ^IJloIJL, #71 *)H 
^1S(REFDIR1)S1 #Hfl7V ^ #71 7l§^<y- ^BflAi^CREFSEL) 3*1 ^sH^ 

<80> aJ- 7 ] 7l^^<?> ^^IJlCREFSEL)^ #71 #^ C-flolE^ ^l3l(0UT)7> "Sl-ol" Aj-nfl^ 

#71 ^12 ^El!.s3H(i50)7V 7l§ ^^(VrefH)^- #^^>5L^- ^1H^>JL ( #7] #^ 
t-fl^lBl a]^(0UT)71- #Efl<^ ufi, #7l ^12 ^El^^A-K 150)71- 7l§ ^(VrefL)^: 

#^*l-£^- ^HW. 

<8i> <*|7HH ( #71 7l§ ^^(VrefH)^: 3VDD/4S] *}<y- 71-^lul, #7l 7l^ ^<y- 

(VrefL)£- VDD/4^1 efl*§^- sHfcJ-. 

<82> a o v 7 ] ^ai 71(140) - a o v 7 ] 7 ]^ ^<y-(VrefH VrefL)^ #7l <g#ej i^JEL 

(10)3. ^Sl^r c-flojEi ^ls(IN_T2)# ^^A1J:(IN)1- #^^rcf. 

<83> ^jofl^, # 7 1 oj^ t-flolEl A]^(IN_T2)^ #71 #^ C-flolEi Al^(OUT)^- #7l Efl 

i^-S- ^^^IJKIN.TI) ^ #71 5)1^(160)1- #^>«^ <y*3 ^1S(IN_D)7> ^ 

*1 ^IJl^cl-. 

<84> ^ 7 )<% ^-ol SBD WW 100) 2} EfliS ^-g: cf-g-jif ^t}. 
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<85> x£z\ t SBD EliEj};] ^ ^-71 Efl^e ^^(REFMOD) ^ #7l <y 

^Hl: ^l^(EN)7l- #^sj- ^cf. 
<86> ^7] ^1 ^E^eJH(130)^r #7j Efl^B 2-= ^(REFMODH -g-^H #7l 

^l^^lsCREFDIRDl- #7l 7l§*i<y- ^^(REFSEL)^ #^^Vcf . 

<87> <*)7HH, #7l ^^Al^CREFDIRDfe #7l #^ C-flolE] Al^(OUT)^ >$HH XX\?\ 

<88> 21, ^-71 7l§^<y- ^^IJUREFSELH -§-#*H #71 *fl2 (150)7> 7}& 

^°J-l-(VrefH, VrefL) ^ <^7HH, #7} ^^^(VrefH, VrefU^r 

#7l 7l§*I<y- ^i^^ls(REFSEL)^ ^-Eflofl rrfe}- 

<89> o]M. ^ 3 ^t^^ > ^- 7l ^ t yo]t\ A]^(0UT)7> "*H" ^-EflO^ ^ 

7l *1H^]3l(REFDIR1)7} "t\o)>< ^Vfts. £H <$7] 7}^#<# ^ifl^lJ:(REFSEL)£ "-5}°}" 
#BflS ^cf. 

<90> ^7} 7)^^ -tl^^l^(REFSEL)7l- "§l-ol.. ^ofl ^"71 *fl2 

(150)^ #7l 7l§^«a-(VrefH)^r #^*Vcf. 
oi> #71 #^ cflojE^ ^ls(0UT)7> "S-f" #Efl<^ nfl, # 7 1 ^ ^ a] s(REFDIRl) 

7} "S.^-" #ife £H #7l 7l§^<y- ^i^^l^(REFSEL)£ #3]5. 
<92> ^1-71 7l^^<y- ^i«Als:(REFSEL)7> "S.-?-" #EflS =H1 nf^ #7l ^12 ^Ell-BflAi 

(150)^ #71 7l^^<y-(VrefL)^r t^W-. 
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<93> ^ > # 7 1 ^o]e^ <0^(OUT)7l- "*\o]<< #Efl<|j nfl> # 7 ) 7 ] §^<a-(VrefH) °] 

%ns\JL, #7] #^ t\]o]B\ Als(0UT)7> "S-f" #Efl<|} nfl, # 7 1 7l^^SJ"(VrefL)ol # 

<94> ^7H^, #7} 71^^^- ^^^lS(REFSEL)7> "§>o]» #1^ nfl, # 7 ] ^ 2 ^E]# 

*H(150)*r #7l 7]^^^(VrefH)-i- #3*Rr 53 AS ^^^^]^>, #7l 7}&&<& -Sd 
^^ls(REFSEL)7> "3.^" #Efl<|] nfl , #7l 7l^<£(VrefH)°l ^JE. 

<95> #7} #^ C-flojEi Al^(0UT)7> #EflO} o4|« S-Ol ^^^>7lS 

<96> # 7 ] #^ CflclB] 4Ul(0UT)7> "*W" #7l 1 £«| ^ (130)^ # 

7] ^^(VrefH)^- 

<97> a= f # 7 ] ^ 3 ^EH-^)Ai(ni)^ # 7 1 *)H#Jl(REFDIR2)<>11 -§-#*H 

(VDD) ^]Jl SL^ ne|-^£L a]Jt ^ *>M-# o^HH , #7l 7\}3 

(Hl)7> #7l vfl^-^^-(VDD) ^llf #^Hr 3# ii^^lJsL tVcf. 

<98> #7} ^2 #^ =B}ol^(ii2)^ #71 vfl-^-^oj-(VDD) #JL# Efl^B-g- 

(IN_T1)3*1 o] nfl, # 7 1 7flo)E(113)^ #7l #Jl(EN, /ENH 

3*fl € £r ^7) Efl^H-g- °J^^lS(IN_Tl)# #7) <^#^ i^El(I0)5. #^*Vcf . 

<99> EflAE #71 S||= (160)S.-^-&| °g^^l3l(IN_D)7> ^ ^ £| *1 #7] nfl^ofl _ 

#71 ini=( 10)^1 #71 #^ C-flolEl Al^(OUT)^- #71 Efl^H-g- ^S^Jl 

(IN_T1)^1 ^7^ c-flolEi ^1^(IN_T2)7> #^4gcf. o] nfl<£) # 7 ] °J ^ cflo]^ 

^1J1(IN_T2)^ VDDSl Eflt^- ^cf. 
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<ioo> # 7 1 °m ^a] 71(140)^ #7l 7l§^<a-(VrefH)^ll #7l 1^ # Jl(IN_T2)-I- 

alJS§>^ #7l ^^#^(IN)» f^W. 
<ioi> #7l 3.(110)71- "S-f" #Eflfii tfl^B-g- ^^^1^ 

(IN_T1)« #^i^ 4-§-4 

<102> ^71, #71 *fl3 ^El §53)^(111)^ #7l ^H#Jl(refDIR2H1 -g-^H ^ehgrJEL 

^1^1- #^ #71 ^12 ^ =.SM«Kll2)*r #71 ZL^= #JL» #7l Ell^H-g- 

<^#Jl(IN_Tl)3*l #^*Vrf. #71 ^ 7flolH(113)^ #71 <?HM^. #s( EN> /EN) 

7> #Hflo]a S . ) #7] Efl^H-g- ^^#S(IN_T1)1- #7l «^#^ ^(IO)S. #^^1 

<103> ol nflofl £> #7l 3fl = (160)S^-Ei ^ ^ IN_D)7> ^3*1 &7) nfl-£-ofl , # 7 1 

<^#^ ic=( 10)^1 >H #7l cllolE-1 #^(0UT)^- #7l Efl^H-g- ^^^l^ClN.TD^o] 

^7^ og^ ^oiE^ #S(IN_T2)"7> oflo] ^1 og ^ a}J:(IN_T2) 

^ VDD/2S] ^ efl ^ ^cf. 

<i04> #71 ^ai 71(140)^ #7l 7l^^«y-(VrefH)<Hl #7l *\)o)b\ #Jl(IN_T2)» 

wlJZ3T>^ #71 «a^^l^(IN)« 

<105> #7l #^ DflolE-l ^lJl(0UT)7l- "3.^-" #Eflo] ^-fofl^r #7l ^H^lS 

(REFDIR1)7> "S-f" #Efl5. #7l 7l$^<a- ^i»#J:(REFSEL):E "S.^-" #Bfl^ ^cf 

. #71 *fll ^El#^)Ai(i30)^ #71 7]&&<# *ii»#jL(REFSELHl -g-^H #7l 7l^ 
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<106> s$7} #^ CflolB] >OS(OUT)7> "S.^-" ^-BfloflS <#7] #^ cfl o] B-) ^5l(0UT)7> "^V 

H-g- °J^Jl (IN_T1)# ^-71 <g#s| its. (IOHH VDD/2 H^r VSS eflt 

2} cflo|El -i0jL(IN_T2)7} ^^cf. 

<107> £ 8^. ^. i^o} A ] 2 ^}*\}o\] 4^ Aljr ^ 71^ 7>^1^ >g = E|AE 

i^Rr SBD B^^l s]S£olc}. 

<108> £ 8 3|. ^o] ) a. ^ 2 ^aHH oj-^ SBD BW200)-fer ^^Ul 

(210), =^o)^(220), ^1 ^€^(230), ^71(240), *\}2 ^*)^*\ 

(250) ^ 4 = (PAD) (260)1- t^I^. 

<109> <^7loll^ ( A o > 7 ] ^ ^01^(220)2]-, <#7] A]\ ^B|1-^A-1 (230)2}- , #7l <y ^ ^ 

-4171(240) £ #7l *fl2 ^^Ai (250)21 ^ ^ ^H°J ^ -£ 72} #7l 

*)U #§) ^£l-olw1(120)^ ( ^-71 *fll 1iE}#?3M (130)21-, ^-71 °m ^71(140) ^ # 

7) ^2 lE^^H (150)2} -^OJ^S. ^^>7l5. #th 

<110> <$mi3L 1^835.(210)^ <?l^H-g- ^ls(EN)^l -g-^lsH JfliBi el] o] 

t\ ^]5l(IN_Tl)l- ^JEL(I0)5. t^W. 

<m> ^-7] oj^A]^ ^35.(210)^ *1<3 3)5(211) ^ Tllo] e(212)# ^-Hl^cl-. 

<ii2> ^1^5)5.(211)^ ^-71 *fll #^ =e1-°l tt] (220)1- #^s1^ #^ eflo] 

^ls(OUT)!- ^ A]7i ^l<a^l^1 ^^IJLdNJTDS #^t}. 

<113> ^-71 ^ 71101^(212)^ 9j^oll- AlS(EN, /EN)7> #^sHI ufl lg 2. 

^"71 Ell^H-8- °J^^S(IN_T1)1- ^-71 <y#^ t:E.(I0)5 f^t^. 
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<114> <^7HH, #7l A]^(EN)^ SBD Efl^E <£ Q )d\]*s\^ Ajjr 

<115> £ 8 ofl^, #71 <^#JL s)^(210)^r #71 *1 3 3.(211) ^ #7l ^ Tfl o] 

H(212)S. -^^sl^ 3# ^15.^ ^^S^uf, SBD tH^sq- #<aJtb #^ #^g- 7 > 

<iie> #7] s\. Qo] SBD *1 51(200)51 €5. EfliB 4-g-jz)- ^-cf. 

<ii7> ^ , SBD EfliH*>7l ^sfl #7l Efl^H 2.JE. %##J> (REFMOD) ^ #7l <?1 

°lHlr ^lS(EN)7l- ^q-. 
<H8> #71 ^11 ^El^B3j^(230)^ #71 2.= #^JUREFM0DH -g-^H # 7 | 

*)H#Jl(REFDIR1)1- #7l 7l^^i<y- ^i*#Jl(REFSEL)3>| #^*]ri=f. 
<H9> <^7H1^ ( #7l ^1^#S(REFDIR1)^ #71 %:% i^)o}^ Ais(0UT)Sl #e1H ^ 

<120> r L> #7l 7l^^<y- ^2}#Jl(REFSELH -g-^>^ #7l *fl2 ^Bl S.***] (250)7> 7l § 

^^(VrefH, VrefL) # ^HH, # 7 1 7l ^ VrefH, VrefD^r 

#7l 7l^^<a- *}i»#Jl(REFSEL)s1 #e]H ^^^cf. 
<121> ojg. ^ c] #^ ^^e>^ ( #7l #^ cflolEi #S(0UT)7> "*>ol« #Efl^ nfl, # 

7l *1H#JL(REFDIR1)7}- -5-1-01-. #Efls sl<H #71 7l§^i<y- ^d^#s(REFSEL)£ "^}o}" 

<122> # 7 i 7 ]§^o> ^^#s(REFSEL)7> "§>ol» #Efl^ ^ofl rrfE}- #7l ^112 ^B^^ 

(250)^ #71 7j^^<a-(VrefH)* #^?H}. 
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<123> ^tflS., ^71 #^ cflolB) Ais(0UT)7> >^Bfl<y ufl, #7l *IH ^Is(REFDIRI) 

7> ^>Bfls s]<H ^o v 7l 7l^^<a- ^e]^J:(REFSEL)^ "S-f" #BflS ^t)-. 

<124> ^-71 7l§^i«y- ^^^ls(REFSEL)7l- -s-f" ^"Bfl^ ^ofl nj-ej. #7l ^12 ^f^-] 

(250)^ #7l 7l§*1tf(VrefL)* 

<125> ^^- ( ^-71 tflo]E] <05i(OUT)7> »€H" ^-Bfl*^ ufl, 7l $*l<y-(VrefH) ©1 

#^£]ZL, >a-7l #^ c-flolB] A]i(0UT)7> "S-f" ^Efl©J ufl, #7l 7l^^<y-(VrefL)©l # 

<126> ©^HH, #7] 7}&&<& ^1^^1S(REFSEL)7> "5}ol" ^BflOj nfl, #7] ^2 

^M(250)^r ^"71 7l^<y-(VrefH)-§: #^*Rr ^©.S -g^ 7)^<y- # 

^4Ul(REFSEL)7> "S-f" n, ^"71 7l$^<a-(VrefH)©l ^JE 

<127>- # 7 j ^ cijojEi ^1^(0UT)7> »^>©1» #Bfl©l ofl# I-©! ^^*>7lS 

<128> >y-7i ^ c-flojEi ^ls(0UT)7> »^>ol» ^ols.S, <#7] m ^#*H(230)fe 

71 7l^^<y-(VrefH)-i; #^*Vcf. 
<129> S> 4V7] ^o^^| S.(211)fe ^71 #^ C-flojEi ^1S(0UT)« ^ AlTV -§-°2 *]<£X\yq 

<$7] Efl^H-g- °J^^1J1(IN_T1)S.^ o] nfl, s$y) ^ 7fl ©1 B(212)^- <#7] 

Ais(EN, EN)°fl s]*fl m 3©i ^-71 EfliH-g- ^^Jl(IN_T1)# ^7} ©j# 

<130> Efl^B ^A]6j) ^-71 sfl=(260)^-¥-Ei ^^^lS(INJ))7> ©j^El^l #7l nfl-g-ofl, 

#71 ©j#^ icJ=(I0HH ^"71 #^ cflo]E| >0Ji(OUT)^ ^-71 sfl^H-g- S3 ^41 2. 
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(IMTD^l k\]o)b\ x\S.(m_T2)7} #^t}. o] nflo) ^ 7 } t y 0 ]B\ 

^jL(IN_T2)^r VDD^I efl^-g- 5Hr4. 

<i3i> ^ 0 V 7 | 0^ ^ai 7 i (140) ^ sg 7] 7l§^<y-(VrefH)^] ^7} cflolE^ a1s(IN_T2)» 

<132> cf-g-^-S., <#7] %:% c-llojEi a]31(0UT)7> "Tsj-o]-. 4 V 3HH 34€ ^ 

<133> ^^S)S(211)^ oj^o} ^- 7 | ^ dojE^ AlJr(OUT), ^, "^o]" ^-nflo] ^ 

7} #3 ^lS(OUT)!- ^I^a]^ Efl^B^- ^^^1^(IN_T1)5. 

<134> ^ t ^ cflojE-l Al^(OUT)^ "S.^-" ^3,, 4>7l EfliH-g- ^^IJL 

(IN_T1)^ »*H" i^E.(I0H] <^€^. 

<135> E|AE ^^AjoU S$ 7 ] 5fl^(260)S.^-E^ ^ ^ IN_D)7|- <^ £] &7l ^6\) f 

(IN.TD^ol ^ 3He1 ^IS(IN_T2)7> #S^t}. ol nfloj ^. 7 ] ^olEi 

^1J1(IN_T2)^ VDD/2^ efl^t-g: 3H=tf. 

<136> 4^1, #7l #^ dlo]Ei ^1J1(0UT)7> "*>ol" #£j|6|H ^-EflS. ^^-^ 

^■7} <^#^ ii.E.(I0)°lH VDD VDD/2 ^7} ^lS(IN_T2)7> 

<137> tiVtflS, #7l cflolE) AlJl(0UT)7l- "S.^" -tf^HH »^>ol" ^-Efls. ^^.^ nfl 
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<138> # 7 J ol^^ JcE(IO)o|| #Bfl£| #7l #^ C-flolE^ -^1 Jl(OUT)^ "S-f" #31 

3 #7l Efl^H-g- ^^Jl(IN_T1)7} <$ns\±r 3 £*H ^-f^, "*M" -M^ #7l # 
3 cflojEi AlS(OUT)^- "S-f" #Efl*l #7l Bfl^H-g- ^^^1^(IN_T1)7> ^sq^ ¥ # 

<139> #71 ?! ^-fofl^ #7l icS.(I0)<^>H VSS #7l Eflo] 

3 ^1^(IN_T2)7> ^5)JL, #71 ^ ^^1^ #71 ii2=(I0)<HM VDD/2 ^1 

# #71 cflolE^ Al^(IN_T2)7V 

<140> # 7 ] 013 ^# 7 | ( 240)^ #71 7l§#<y-(VrefH) 2^ #7l 7l$#<y-(VrefLHl #7l 

°m c-flolE-l *]3l(IN_T2)«- HliH^H #71 ^A!Jr(IN)l- #^1}. 

<141> #7l^ ^-Ol, ^dl ^ SBD til 3} £1 3\£_6\) Sl^, ^^IJl ^-^S]S.oll ^1 

sfl tfliE «3:£^1 #*l£l SBD ^^7> ^MlS cf^. tiVE*fl #^sl SBD tH^s}- ^cfl 

^ #Efl^- -^^V M°1H n^B. 5l°S., ^^-*V SBD 

<142> JE^ofl iE^S} ^AHl^- %VJ7 S ^Ejo^uj. o] ^ *\}*}^°^ %6\] ^-^ 

*}°1, 7l# :g-#o) 7^ ^e}-^ ol^.«-E^ Cfoj^j. £^ ^ Ef 

^^Hl7> 7>^l-rl-^ ^ o]^ ^Jolcf. igj-tg^ 7l^^ JiJr »^ 

^ 3"¥-€ 7l#^ AV#ofl o,^fl ^fl^o) *V ^Jolcl-. 

<143> #7] ^ Qo] , ^ aV^o} ^^a]^^ oj-^ ojej A]Jr ^ 7]^o. |a 3^ 

— sl^-l- S^-^r «>£^l #^1^1 SBD U SBD tH^o} |£ e|ae w o v^ofl sl*>^, 
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7> fli*. 
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#3 ciio) A]i f ^ai^H less, f^^fe #3 J=eM»1; 

^ o g^JL t^SSlSt ^t>l*Rr t^J 7)^g- 7}^l^ n 

— Efl^H s]Sf 3LtJ-S>fe- SBD »]5Jl. 
2] 

^1U%H1 $^1, ^7l 7l^^Oj- A 1 EHA1^^ ; 

^-7] CflolEl A]S^- *fll ^H>0S ^ <^ ^>M-^1 

*r ^IJL ^ 71^ 7H^ -gH Bfl^H SI SI- ifJ^Rr SBD ^5E] . 

3] 

*)12*<H #71 SBD t^^r, 

^l^Sf ^7l *fli ^H^]J: O^i- ^H-!- ^-7] 71$^^- ^EHAl 

^12 ^El^UjA-H- C] ^t)l^ ^-g- *J.i=. Oja A]Jr ^ 7l^# 

5j^f i*J-^ SBD tH^. 
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4] 

2 -§-#*M ^3 Eflt* AjjLl- #^*Rr ^"t^H 

J 

<^#^ lnJELS #^<sHr ifl^J ^-ti]^ ^ ^£-3- *}±r IIS. ^ 7} 
5] 

^71 #^ C-)lo]Ei AlJrl- ^ A]# ^A]^ ^-71 Efl^H-g- ^^Ul^ ^7] 

SHH-t -§-#*H ^SH 1 ^H^H, #71 ^^15:1- #7l <3# 

n ±ELS_ ifl^ ^«l*Rr ^ ^}Jl ^ 7 j- o. 

7M^ = EflAE 5L^Rr SBD tHs] . 

6] 
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<im ajjt -AH. EfliB s]St 3L^-*Hr SBD t^. 

7] 

^111^1 SI*]*], -*7l <^ ^7lS ^IJ^r, 
4^ Sfl^^l ^Sj-^m ^8-2-3. *}^r <^ *UL ^ 7]^ 7>*l*r 31 

— H i^^Hr «V£*ll SBD *H s| . 

8] 

^17%H1 Sl^H, ^7] <g^ ^7lS. <ims]±r *1JL^, 

EfliH tfl-^oj-, #71 ^y-^cj-o^ 1/2 ^ n^-o.^ - ^q-oj 

^ 31 IS -8: 7>^1^ ^^-S 71^-i; 7>*lfe EfliB 2] 

S» i^Hr tiVE*ll #*1^ SBD ^N. 
[^^J- 91 

*fll*<Ml &°H, ^7] 7)^ 3°^, 

ifl^^ 3/4 Sl^r ^-71 ifl^-^i^ 1/4 ^ ^140] 3^ ^lo^ ^ 01 

^ Ais ^ 7l^# 7>^1^ tflil 4)3.!- Sh£*fl SBD *H 3) . 

10] 

(a) %:% *\)o]b\ Ajif <y#^ ^=5. #^Kr #741; 
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11] • 

SBD t^s]^ E|iE w 0 >^. 
12] 

^fl^f^, ^-71 vfl^tfsl 1/2 ^ zl^je. ^ ellf 7> 

^io S ^ SBD EfliB aj-aj . 

13] 

^^-^^ 3/4 £Ett #7} m w-*l<y-cq 1/4 ^ sl-q-oj 30. 4^jo S ^ SBD 
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